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@ Microblally expressed portions of a monoclonal antibody block rhinovlrus attachment to cell 
receptors. 

@ complementary DNA (cDNA) fragments encoding the Fab and Fv portion of JJJ* '"J^^Tr^mib"'!; 
murine monoclonal antibody <mAb) were prepared from hybridoma "^MmRr^). Them^ te 

Sfic for the intercellular adhesion molecule-1 (ICAM-1). Furthermore, the mAb blocks *e atta«*«nertrt 
hSJ. rhS^r.3 (HRV) particle, to their cellular receptor. ICAM-L Fab and Fv cDNA were -"O^'"^ ctoned 
SS^^lp^^rm a re<iS.binant host purified, and shown to be biologically active in that they bind to ICAM-I. 
and block attachment of ligands to ICAM-1. including HRV. 
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BACKGROUND OF THE INVENTION 

Using an antibody known to prevent the attachment of the major gnDup of HRV, and immunoafRnity 
chromatography, a 90 kilodalton (kOa) glycoprotein was Isolated from HeLa cell memt)ranes and was 
subsequently shown to be the receptor protein required for the attachment of the major group of HRV to 
susceptible cells. Biochemical characterization of the purified 90 kDa receptor protein determined that it was 
an acidic glycoprotein and contained seven N-llnked glycosylation sites. Recent cDNA ctoning experiments 
have identified the receptor as the intercellular adhesion molecule-1 (ICAM-1). ICAM-1 is a cell surface 
iigand for the lymphocyte function-associated antigen-1 adhesion receptor (LFA-1) and is a member of the 
immunoglobulin supergene family, since tt is predicted to contain five homologous immunogtobulinlike 
domains. Some sequence homology exists between ICAM-1 and other adhesion proteins of the adult 
nervous system, namely, neural cell adhesion molecule and myelin-associated glycoprotein. The interaction 
between ICAM-1 and U=A-1 plays an Important role in leukocyte adhesion and in the execution of 
immunological and inflammatory functions mediated by leukocyte adhesion. LFA-1 is a member of the 
CD18 family of lymphocyte adhesion proteins. As a result of this adhesion, lymphocytes are capable of 
important and beneficial immunologic functions, including sun^ilance for foreign antigens. However, this 
same adhesion activity can also lead to non-desirable effects such as transplant rejection, other autoim- 
mune disease states, and complications resulting from inflammation. 

ICAM-1 is a glycoprotein present on the surface of a wide variety of cell types including vascular 
endothelial cells, thymic epithelial cells as well as certain other epithelial and fibroblastte cells, macro- 
phages. T-lymphocyte blasts, germinal center B cells, and dendritic cells of lymph nodes. ICAM-1 is 
preferentially expressed at sites of Inflammation and not in resting or quiescent cells. High levels of ICAM-1 
expression can be induced in demnal fibroblasts upon exposure to cytokines, such as gamma iriterfefon, or 
interieukin-1. 

The major HRV group receptor Is a 90 kDa glycoprotein that was recently ctoned and identified as 
ICAM-1 [Grave. J.M. et al. (1989), Ceil. 56, pp. 839-847, and TomassinI J. et al.. (1989), PNA8. 88. pp. 
4907-4911). The cellular receptor for the minor group Is more elusive and has been tentatively identified as 
a 120 kDa protein. 

Using HeLa cell meml)ranes as an immunogen, a mouse lgQ-1 mAb, designated 1A6, was isolated that 
specifically blocked the major group of HRV from binding to and infecting HeLa cells [Cotonno, RJ. et at. 
(1986), J. Virol.. 57. pp. 7-12]. In addition. 1A6 and its proteolytically generated Fab fragment were capable 
of displacing celFbound HRV virions, in vitro , and showed no evidence of cytotoxicity to dividing cells 
despite prolonged exposure. These studies also demonstrated that virus access to susceptible cells couW 
only be achieved through interaction with ti>e ICAM-1 receptor, since challenge witti high virus titer Inocula 
failed to bypass tiie receptor blockade caused by 1A6. These results suggested that 1A6 may be useful as 
an antiviral agent in the prevention or treatment of common colds In humans. This notion was supported by 
studies showing tiiat intranasally-administered 1 A6 was effective in blocking HRV Infection of chimps, and in 
modulating tiie clinical symptoms of HRV infection in human clinical trials [Hayden. F.Q.. (1988), Antiviral 
Res.. 9. pp. 233-247]. 

lCAM-1 may be involved In otiier diseases including asttima, chronic bronchitis, emphysema, and 
idiopatiiic pulmonary fibrosis. lCAM-1 may also contribute to the onset and progression of other diseases 
chracterized by eosinophil infiltration and tissue sensitization, including rtiinltis, nasal polyposis, chronic 
urticaria, and atopic dermatitis. 

OBJECTS OF THE INVENTION 

It is an object of the present invention to provide portions of antibody molecules, produced in a 
recombinant host cell, which preserve tiie antigen recognition of the natural antibody. It is an additional 
object of the present invention to provide portions of antibody molecules, produced in a recombinant host 
cell, specific for tiie intercellular adhesion molecule-1 (ICAM-1). Anotiier object of tiie present invention is to 
provide portions of antibody molecules which can prevent attachment of tiie major HRV group to. or 
displace attached HRV from, tiieir cellular receptor. ICAM-1. It is also an object of ttie present invention to 
provide portions of antibody molecules produced in a recombinant host celt, which can bind to lCAM-1 and 
inhibit the biological activity and function of lCAM-1 as an intercellular adhesion molecule. A further object 
of the present invention is to provide pharmaceutical formulations for administi'ation to humans, containing a 
portion or portions of antibodies produced in a recombinant host cell, which can prevent attachment of tiie 
major HRV group to. or displace attached HRV from, their cellular receptor, lCAM-1. An additional object of 
the present invention is to provide pharmaceutical formulations for administi^tion to humans, containing a 
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portion or portions of an antibody molecule, produced in a recombinant host ce\\, which can b|nd to ICAM-1 
and^inhibit me biological activity and function of lCAM-1 as an intercellular adhesion molecule. These and 
other objects of the present invention vaII be apparerrt from the following description. 



5 SUMMARY OF THE INVENTION 
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complementary DNA (cDNA) fragments were dorwd which encode the antigen recognrtion region of 
mAb's specific for ICAM-I. These cDNA's were expressed In a reconit)inant host ceH. P^^^J^ 
shown teTpossess the biological properties of antibody-antigen interaction of the natjral anttbodles from 
they were derived. S^fically. the recombinant antibody portions bind to ICAM-1 and can p^ 
Tl^ment of the major HRV group to their cellular receptor. ICAM-1. In addition, ttie recombinant antbody 
pSons displace atLed HRV from ICAM-1. These recombinant antibody fragments are In 
pharmaceutical formulations for (he prevention or amelioration of many human diseases in which lCAM-1 is 
invoh/ed. including Inflamation and other autoimmune diseases, and HRV Infection. 



BRIEF DESCRIPTION OF THE DRAVyiNQS 



Rgure I - A schematic diagram of: A - an Intact ImmunoglotJulin molecule (IgG); B " Pab portion of an 
immunoglobulin molecule: C - single chain Fv. The dotted line in C rBpresents the peptide bridge Joining 

ll^'Ldy-mediated inhibition of HRV attachment to susceptible Confluent '^^^^ 
HeLa cells In 48 well plates were treated In duplicate with the indicated amounts of "^^^ja^ or 1039 
for 30 minutes at 34«C. «S-labelled HRV-38 was added, and the cells were Incubated for 1 hour. The 
amount of unbound HRV and bound HRV was measured and percent '"^^^''^J'^^^T'r^-,^, ^ „ 
25 Figure III - A - Plasmid pQ1 . arrows indicate the direction of transcription; B - detail of the Junctions of H 
chain cSJa in the plasmid and the corresponding amino acid sequence with Kabat numbenng designa- 

Fiaure IV - A - Plasmid pKI. arrows Indicate the direction of transcription: B - detail of ttie Junctions of L 
chalS in me plasmid. and the corrBspondIng amino acid sequence with Kabat numbenng designa- 

*^ Figure V - A - Plasmid pSCVI . arrows Indicate the direction of transcription: B - deM of the Junctions of 
H and L chain cDNA In the plasmid. and the con-esponding amino acid sequence with Kabat numbering 

'nreT'S?v"Cio? N^^kage by recombinant antibody foments. HeU caH -em^ w^ 
IncubS wIth various amounts of the antibody, or recombinant antibody fragment for 20 minutes, ^wed 
bv the addition of «S-labelled HRV-15 and incubation for one hour. The membranes were separated by 
c^ntrifugatlon and the amount of 'sg-labelled HRV-15 adsort)ed to the '^'^^ "Z.^^ T 
Indicated as percent reduction of vims binding. • - 1A6 antibody. V - natural Fab. □ -recombinant Fab. A 
Fab<-SS). A - dSCVI, O -pSCV2. ■ - p8CV3. . 

Figure VII - CelWree translation and immunoprecipitation of ICAM-1 domain 1. In vitro-transcribed RNA 
resulting from the polymerase chain reaction-amplified modification of the domain 1 fragmen^as translated 
rJie^asence of added microsomal membranes and then spiked with an in vnw translated yaa»t " Pha 
maJ^'protein (Promega Biotec) prior to immunoprecipHation and SDS-PAQE anafysls. -^e ^trol lane 
shows the position of yeast alpha mating protein alone, while lane 1 shows the control ^'C^^ 
Tmain-I t^ether. The material generated in lane 1 was utilized in ''^'^^'^^P'^P'^^J^^^l^^^ 
Sane 2). 1A6 (lane 3). 2C2 Oane 4). and 18B9 (lane 5). The positions of low molecular weight mariners (KD) 

are displayed in lane M. 

DETAILED DESCRIPTION OF THE INVENTION 

ICAM-1 is a cell surface glycoprotein which functions as a ligand for lymphocyte function-assodaled 
antigen-1 receptor (LFA-1). lCAM-1 is also ttie receptor for tiie attachment of ttie major group of HRV to 
susceptible cells. lCAM-1 Is a member of the Immunoglobulin supergene family since it is P>-ed"^fl to 
ZZ five homologous immuncglobulin-like dom^ns [Simmons. D. et al.. (1988) Nature. 
The interaction of ICAM-1 and LFA-1 plays an important role in leukocyte adhesio. and in the ex^ution of 
immunotogical and inflammatory functions mediated by leukpcyte adhesion. LFA-1 is a member of the 
CDIBfamily of lymphocyte adhesion proteins. ■ u i.-. •„ .J4,« 

Antiboc^es which bind to tiie CD18 lymphocyte adhesion proteins have been shown to inhibit, m vrtro. 
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lymphocyte functions which are dependent upon adhesion, including the attachment of granulocytes to 
endothelial cells [Smith. C.W. et at. (1988). J. Clin. Invest. ^. pp, 1746^1- 

Furthemiore. individuals suffering from leukocyte adherence deficiency disease, an inhented genetc 
defect do not produce CD18 related proteins. As a result granulocytes from these individuaJs exhibit 
adhesion incapacity as observed with nomial granulocytes in the presence of ant-CDl8 antibodies 

described above. • 

CD18 therefore, enables leukocytes to adhere to various cells including other leukocytes. vMcuter 
endothelii cells, and other non-vascular cells. The ligand to which CD18 proteins bind for adheskx. is 

'^'^Wlammation can result from the reaction and response of the host's Immunologic system to spedflc 
antiaens. Certain autoimmune diseases and T-cell mediated delayed-type hypersensitivity are examples 
this type of inflammation. Leukocyte adhesion is also invotoved in other disease states Including ^planl 
rejection, and tissue graft rejection. Some of the desirable immunologteal functions resulting from leukocyte 
adhesion include antibody production, and destruction of virus Infected cells. 

ICAM-1 is therefore a cellular substrate to which lymphocytes can attach In order to perform vanous 
functions. Since lCAM-1 molecules are expressed at high levels at sites of Inflammation, includitig delayed- 
type hypersensitivity, interruption of cellular adhesion mediated by lCAM-1 can modify inflammatory 

'^'"ASSdies, or recombinantiy expressed portions of antibody molecules, have significant therapeutic 
value in the diminution or elimination of the infiamatory responses, provided that the antbody. or 
recombinantiy expressed portion of an antibody molecule, can bind to ICAM-1. An antibody, or recombinan- 
tiy produced portion thereof, can be administered to an individual prior to experiencing, or during, an 
inflammatory response and alleviate the consequences. imm 
The protein domains of mAb's that confer the antigen recognition detemiinants can be separated tram 
the remainder of the antibody molecute, and retain their antigen binding ability. The Fab P"**" " 
aSlS (e.g.. IgG) is approximately one third (about 55 Kilo Dallons) of the intact antibody a,Kl exhibit 
mon^ent antigen binding capabilities (See Figure l).The stmcture of Fab is much slmpter than an in^ 
rrnoglobulin molecule: Fab having only 5 0II6 disulfide bonds found in an intact KjQ mo^^ 
RQure I ) The Fab portion carries tt.e antigen binding site and is composed of two separate polypeptide 
chains, the heavy (H) chain variable domain, witti the first constant domain and part oj .*» ^^r^*™ 
me entire light Z chain. The two chains (H and L) are covalentiy linked by a single disulfide bond beNeen 
S consL? domains of each chain. Fab can be further dissected to yield a smaller (about ^ KD) motecule 
capable of monovalent antigen binding, temped Fv (See Figure I). Fv carriw the '^^^^^"^^•^ 
conists only of non-covalenOy associated H and L chain variable domains. The antigen affinrty of the entire 
fy portion is identical to the corresponding Fab which, in turn, is identical to Its corresponding im- 

"'""SS'Fi'"a^??ln'gle chain Fv portions have been expressed in recombinant hosts cells, including 
mammalian cell culturas and E. coll. Fab and Fv are advantageous over intact ^'^'^'^^J^^^^fP^J^ 
dSostic use, in that ti«ir ibiiiir size permits more efficient penefration of f 7^^""r~/"trh 
amenability to expresston in recombinant hosts such as E. coli, greatiy facilitates sea"* "P h-gh 
level oroduction of Fab and Fv. In addition, recombinant DNA techniques can be used to alter ttw stiiicture 
of the antibody portion. An example of such alteration woukJ be the exchange of mouse constant regtonso^ 
a mouse antibody molecule, for a human constant region, forming a "humanized" antibody or antibody 
oortion. The human constant region is less likely to elicit an immune response from a human subject upon 
administration of the antibody portions, than woukJ an antibody containing the mouse constant rao-on. 

Recombinant Dl^ techniques can produce furttier alterations in antibody molecules, or portions ttiereof, 
including combinations of light and heavy chain portions from different source, whetiw the sources are 
from diLent species, different immunoglobulin classes, different antigen specifiaty. and varying the hision 
point between variable and constant regions. Antibodies or portions thereof, can be oonstructedjor 
50 example, which possess higher antigen affinity, or incorporate improvements found m a different constant 

When these proteins are expressed in E. coli, ttie H and L chains may require denaturing, renaturing. 
and mixing at the proper ratios in orderlo-form a biologically active molecule with *e appropnate 
secondary and tertiary structure. To help alleviate these problems, the two components of Fv (ttie H and L 
55 cSains) can be recombinantiy synUiesized in host cells as a fused polypeptide chain. In addition, cysteine 
residues can be removed by nucleotide substitution to eliminate disulfide bond formation. 

in order to generate mAb's tiiat block the binding of HRV to the vims receptor on susceptible <^lls. 
mice were immunized with whole human cells, and human cell membranes enriched for HRV receptor srtes. 
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e g HeLa cells, Hybridomas were produced tollowiag fusion of spleen ceils from immunized mice with 
mouse myeloma cells (Colonno et a].. J. Virol.. 57. pp 7-12, 1986]. Three mAb's. 1A6. 2C2. and 18B9. were 
selected that were each capable of blocking the attachment of HRV to receptor sites on susceptible cells 
(Hgure II). This analysis was extended to demonstrate the ability of 1A6. 2C2. and 18B9 to block 
attachment of at least 91 different HRV serotypes to susceptible ceils. The specific viral serotypes which 
were unable to cause infection in the presence of one of the mAb as well as those sterotypes which were 
able to cause infection in the presence of one of the mAb are shown in Table 1. 

From these experiments it has been determined that HRV consist of a major group and a minor group. 
The major group is rendered incapable of causing Infection in the presence of the mAb while the minor 
group is capable of causing infection in the presence of the mAb. 

It has also been found that these mAb bind strongly to susceptible cells and possess greater avidity for 
the cellular receptor than HRV already bound to the cell [Colonno. RJ. et al., (1986), J-ViroL, pp. "7-121. 

The mAb's as well as recombinantly expressed portions thereof (for example Fab and single chain Fv). 
are useful for the prevention of HRV infection, or to ameliorate the duration and severity of HRV Infection. 
Treatment of susceptible cells with the mAb or recombinantly expressed portions thereof, including Fab and 
single chain Fv, render the cells resistant to HRV infection for a period of up to 50 hours fotowing removal 
of excess antibody. 

cDNA encoding ICAM-1 has been cloned and characterized [Tomasslnl. J.E. et al. , (1989), P.N AS. 
(USA). 86. pp4907 - 11] Fragments of ICAM-1 cDNA were transcribed and translated, in vltto. generating a 
series oT CCbH-terminal truncations, immunoprecipitation of these ICAM-1 fragments using mAb's 1A8. 
2C2, and 18B9 was used to identify the mAb binding sites on ICAM-1. 

Experiments utilizing a subset of ICAM-1 polypeptides cleariy showed that mAb's 1A8, 2C2. and 18B9 
were able to recognize and immunoprecipitate an NHz-terminal lCAM-1 fragment which represents the first 
82 amino adds of the mature ICAM-1 molecule (see Figure Vll). This portion of ICAM-1 encompasses only 
domain 1 of the five predicted domains of mature ICAM-1. 1A6. 2C2. and 18B9 are therefore specific for 

domain 1 of ICAM-1. ^ , ui-*i 

A full-lengtii cDr4A clone (pHRVrl) was shown to have a single, large, open reading frame Initiating at 
nucleotide 72 that encodes 532 amino acids and contains a 1 ,33a-nucleotide 3* noncoding region. Signal 
and transmembrane sequences are predicted to exist near the NH2- and COaH-tennlnal regions of the 
molecule, respectively. A full-lengtii subclone was Inserted into a pGEM4Z transcription vector to form 
pGEM-ICAM. The orientation of the cloned sequence is such that ttie 5'-terminus is just downstream of the 
phage SP6 promoter. Thus, specific lCAM-1 mRNA can be transcribed from linearized plasmid DNA wtth 
SP6 RNA polymerase. Prior to transcription, plasmid DNA was cleaved witii conveniently located restriction 
enzymes to enable generation of RNA fragments encoding selective domains of the ICAM-1 receptor 

35 molecule. ^ , ^ . . ^ 

In vitro translation of ttie resulting RNAs in rabbit reticulocyte lysates generated polypeptides of the 
exp^t5dl^lolecular weights as detemiined by SDS-PAGE Since ICAM-1 is a membrane protein and has 
been shown to contain seven N-linked glycosylation sites, canine microsomal membranes were added to 
the f anslation mixture to optimize the secondary structure fonnation of ICAM-1 molecules. 

Translation of full-lengtin ICAM-1 mRNA in tfie presence of microsomal membranes and 2mM oxidized 
glutathione resulted in two major protein bands wrth molecular sizes of approximately 55 and 70 kDa. The 
higher molecular weight band presumably results from glycosylation activity associated wttii microsomal 
membranes. Larger protein species were also observed witii each of the ottier ICAM-1 RNA's except the 
domain 1 fragment which continued to generate a 16-kDa polypeptide. This result was expected, since the 
45 domain 1 amino acid sequence is devoid of potential glycosylation sites. 

Immunoprecipitation experiments were done which demonstrated that each of ttie lCAM-1 polypeptide 
fragments syntiiesized in the presence of microsomal membranes was specifically precipitated by each of 
the mAbs (Figure Vll). Radiolabelled proteins encoding polypeptides as short as 82 amino adds were still 
recognized by all three mAbs; Two antibody specificity controls were incorporated into these experiments. 
50 The first control involved the parallel testing of mAb 0KT4. which recognizes the CD4 recepton tt>e second 
control was the addition of radiolabelled globin. or yeast mating factor, to each immunoprecipitation sample. 
Botti of ttiese controls indicated tiiat the Immunoprecipitations were specific, since mAb 0KT4 was unable 
to recognize the lCAM-1 polypeptides, and globin was not immunoprecipitated by tiie anti-ICAM-1 mAbs. 
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CHARACTmZATION OF MONOCLONAL ANTIBODIES 
TO HRV CELLULAR RECEPTOR 

ANTIBODY 1A6. 2C2. or 18B9 : 

(MAJOR HRV GROUP) 
PROTECTION AGAINST INTECTION BY: 



HRV-3 


HRV-12 


HRV-21 


HRV-33 


HRV^Z 


HRV-4 


HRV-13 


HRV-22 


HRV-34 


HRV-43 


HRV-5 


HRV-14 


HRV-23 


HRV-35 


HRV-45 


HRV-$ 


HRV-15 


HRV-24 


HRV-36 


HRV-46 


HRV-7 


HRV-16 


HRV-aS 


HRV-37 




HRV^ 


HRV-.17 


HRV-26 


HRV-38 


HRV-50 


HRV-9 


HRV-18 


HRV-Z7 


HRV-39 


HRV-51 


HRV-10 


HRV-19 


HRV-28 


HRV-40 


HRV-52 


HRV-11 


HRV-20 


HRV-32 


HRV-41 


HRV-53 



CAV-13 CAV-18 CAV-Zl 



HRV-54 


HRV-64 


HRV-73 


HRV-62 


HRV-92 


HRV-55 


HRV-65 


HRV-74 


HRV-83 


HRV-93 


HRV-56 


HRV-66 


HRV-75 


KRV-B4 


HRV-94 


HRV-57 


HRV-67 


HRV-76 


HRV-85 


HRV-95 


HRV-56 


HRV-68 


HRV-77 


HRV-86 


KRV-96 


HRV-S9 


HRV-69 


HRV-79 


HRV-eS 


HRV-97 


»«V-60 


HRV-70 


HRV-79 


HRV-e9 


HRV-98 


HRV-61 


HRV-7 1 


HRV-80 


HRV-90 


HRV-99 


WlV-63 


HRV-72 


HRV-81 


HRV.91 


HRV-100 



HRV-HAMKS 



(MINOR HRV GROUP) 
NO PROTECTION AGAINST INFECTION BY: 
HRV-IA HRV-29 HRV-44 HRV-62 
HRV-IB HRV-30 HRV-47 HRV-fl7 
HRV-2 HRV-31 HRV-49 

The mAb or recombinantly expressed portions thereof. Including Fab and single chain Fv, may be 
prepared in a suitable topical formulation for administration in the form of drops or as a spray. The 
recombinant portions of antibody molecules may also be administered in pharmaceutical compositions for 
injection purposes. With the aid of suitable liquids, the recombinant antibody fragments can be used in 
injection preparations in the form of liquids. These pharmaceutical compositions comprise a pharmaceuti- 
cally effective amount of the recombinant protein or proteins, together with a pharmaceutically acceptable 
canier. A patient can be treated, for example, parenterally. wHh an inflammation reducing, effective amount 
of the recombinant protein to eliminate or at least reduce tine degree of inflammation. The dose will, of 
course, vary in accordance with the factors well known and understood by tiie physician such as age, 
weight' and general physical condition of the patient In general, a dose range between about 1 pg to 10 mg 
of the antibody portion per kilogram of patient weight may be administered, although a higher or tower dose 
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may be used. , ^ ■ i- 

When administered by nasal aerosol Inhalation, the formulations may be prepared as solutons in saline, 
employing benzyl alcohol or other suitable preservatives, absorption promoters to enhance bioavailability, 
fburocarbons, and/or other solubilizing or dispersing agents known in the art The dosage may range from 

s about 1 ug to about 1 mg given at Intervals of about 2 hours to about 12 hours. A typical formulation 
employs the mAb fragments of the present invention in PBS containing a stabilizer, e.g., 20% SPGA. 

Full-length cDNA clones of 1A6. 2C2. and 18B9 hybridoma heavy (H) and light (L) chains were Isolated 
and modified for expressior> in E. coli using the polymerase chain reaction (PGR) technique. For expression 
of Fab H (Xemed In the art. Fd) and L chains, a unique Ndel site and an initiator methionine codon were 

,0 Inserted immediately 5' of the sequence encoding the signal peptidase cleavage site ofboth H and L 
chains In the H chain clone, a termination codon followed by a Bglll site were Inserted after amino acid 
236 (Kabat numbering system) [Kabat. E. A. etal.. (1987). Sequences of Proteins of Immunological Interest. 
4th Ed U S. Government Printing Offica. Washington D. C.]. one residue beyond the cysteine normally 
bridging the H and L chains. For L chain expression, a Bglll site was introduced 3' of the natural 

,5 termination codon. Both H and L chain DNAs were cloned into expression vector pET-3a [Rosenberg. A. H. 
et al (1987) Gene. 56. pp.1 25-1 35] forming pGI (heavy chain. Figure III), and pKI (light chain. Rgure IV)- 

Induction of flenTexpression by IPTG resulted in high level expression of the expected proteins that 
reached approximately 140 mg/L of culture (5 g/L wet cell pellet weight) or about 35-40% ^f^^n 
protein Pulse-labeling experiments indicated that these proteins represented 90-100% tjf total protein 

so synthesized during the induction period. The identities of the induced proteins were confinned by Western 
blottina using peptide-derived antisera and by NHj-tenninal sequence analysis. Each of the e5^es8ed 
antibody fragments accumulated as insoluble inclusion bodies following IPTG induction and were soluWIized 
in the presence of BM guanidine-HCI and renatured under dilute conditions In buffer containing reducedand 
oxidized glutathione. Recombinant Fab were subsequently assembled by mixing equal amounts o' « 

25 and L chains from broken cell pellets and subjecting them to reduction, reoxidation. and dlatys^s. Rnal 
purification was carried out by HPLC gel filtration, and purity (>95%) was visually detemiined by SDS- 

''^*?o determine whether the recombinant Fab's were biologically active, their ability to block binding of 
35s-methionine-labeled HRV-15 to HeLa cell membranes was measured (Rgure VI). The recombinant Fab. 

30 and Fab fragments proteolytically derived from intact antibody, were biologically active aftw r^natura^^ 
showing half-maximal inhibitions of virus binding at 0.3 and 0.2 pmoles/40 uU respectively. Intact antibody 
displayed half-maximal inhibition at 0.1 pmoles/40 uL reaction. ^ , ^ , ^ «.» r^r^u 

To reduce the complexity of the expressed proteins, recombinant singleH:haln Fv In which the CO2H- 
tenninus of the L variable domain (VJ was convalently linked to the NHz-temiinus of the H vanable domain 

35 (Vh) were constructed. It is readily apparent to those skilled In the art. that for single chain Fv the order of 
the H and L variable domains may be exchanged, in that the COjH-temiinus of the H vanable domain may 
be covalently linked to the NHs-temnlnus of the L variable domain. „ ., , ^ ^ ^ w ■ «. h i„ 

m the first such recombinant pSCVI (Rgure V). L chain Qlu-124 was directly linked to H chain Qlu-1. In 
an effort to lengthen the peptide linker while maintaining sufficient flexibility for proper Vl-Vh interaction, two 

40 additional recombinants. pSCV2 and pSCV3. were constructed. These encode the flexible linker sequence 
Glv-Gly-Gly-Gly-Ser as a monomer (pSCV2). or dimer (pSCV3) respectively, between L chain Ser-1^ and 
H chain Qki-1. These recombinants also expressed proteins of the expected size (about 25 KD) as 
visualized by SDS-PAGE. although in slightly lower amounts (about 50 mgfl. culture) than the L md H Fal5 
chains The single chain Fv were solubilized. renatured, and purified as described above for Fab. Final 

46 recoveries of recombinant Fab and single chain Fv were 4-5 mg/llter and 10-12 mg/Ilter of culture. 

'^^^protein encoded by pSCVI was the least active of the single chain Fv. achieving half-maximal 
blocking at 4 pmoles/40 uL reaction. The proteins encoded by pSCV2 and pSCV3 had approximately 3-fokl 
higher activity, showing half-maximal inhibition at 1.5 pmoles. There was no significant difference In activrty 

so between single chain Fv with monomeric or dimeric GlySer linkages, suggesting that there is considerable 
flexibility in the allowable lengths of the interdomain linker peptides. Therefore, it is readily apparent to 
those skilled in the art that minor variation in the length of the linking moiety will not result in the formation 
of sinale chain Fv with substantially different or novel properties or activities. 

The Individual H and L chains which comprise the Fv portion of the antibody molecule, may be 

56 expressed individually, and subsequently assembled Into Fv In the same manner as was done for Fab^ 
using the same procedures for solubilization, renaturation. and purification. It is therefore not essental that 
the single chain Fv of the present invention were expressed as one contiguous peptde molecule. 

HeLfl cell monolayers were pretreated individually with each of the antibody portions, diluted senally. 
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and subsequently infected with HRV-14 as described in Example 5. After a 24 hour incubation at 34* C. cell 
monolayers were examined for evidence of cytopathic effects resulting from the cytolytic infection of HRV 
(see Figure VI). Intact 1A6 was protective at a concentration as low as 84 ng/mL (0.6 nM). Both recombinant 
Fab, and native Fab fragment proteolytically derived from intact antibody, were protective down to 740 

5 ng/mL (16 nM). The single chain Fv showed significant activity, and were protective at concentrations above 
the 2^-6.7 ug/mL (84-250 nM) range. 

As originally expressed, the H and L chains each contained five cysteine residues. Four of the cysteine 
residues in each chain nomnally participate in intrachain disulfide bridges to form immunoglobulin domains, 
while the fifth is involved in interchain disulfide bonding to covalently fink the H and L chains. 

10 Oligonucleotide-directed mutations were introduced into the L chain cDNA clone to delete Cys-214, and 
in the H chain cDNA to change the Cys-235 to an Ala. These modifications delete the disutfide bond which 
normally links the H arxJ L chains. 

Following expression and renaturation. the disulfide-mlnus Fab (Fab(-SS)) exhibited the same retentton 
time on HPLC gel filtration as the natural and recombinant Fab suggesting a noncovalent interaction 

15 between H and L chains. However, characterization by nonreducing SDS-PAGE demonstrated that the H 
and L chains of Fab(-SS) migrated as monomers, while the control proteolytically derived Fab and 
recombinant Fab migrated as dimers. This result indicates that the H and L chains of Fab(-SS) are held 
together by noncovalent interactions. Fab(-SS) were indistinguishable from the wild type recombinant Fab in 
the virus binding assay (Rgure VI). demonstrating that the interchain disulfide bond is dispensable for 

20 antibody-antigen binding. 

These results show that recombinantly produced subportions of immunoglobulin chains specific for 
ICAM-1 can be abundantly expressed in E. coli and efficiently purified and renatured Into portions of the 
antibody molecule which maintain biologicai~activity. in that the recombinant antibody portions bind to 
lCAM-1. 

26 It is understood that the novel amino acid sequences of the present invention, encoding recombinant 
portions of MAb's specific for ICAM-1 are examples of a range of amino add sequences encoding 
recombinant portions of antibody molecules which can bind to ICAM-1. Other variant amino add sequerx»s 
may have the same effect of binding to ICAM-1. For example, conservative amino add substitutions In the 
sequences of the recombinant portions of antibody molecules of the present invention will not result in any 

30 substantial or novel modification of the principles and practice of the present invention. Conservative 
substitutions are known: see Elfassi. E. et al.. J. Theor. BloL. 121, pp 371 (1986). Altematively. minor 
insertions or deletions witiiln, or at either terminus, of the recombinant proteins of the present invention will 
not affect the prindples and practice of the present invention. It will be understood that the recombinant 
portions of antibody molecules which can bind to lCAM-1 in this application, includes any such variations in 

35 amino acid sequence, whether by conservative amino acid substitution, insertion deletion, or other process, 
provided that the recombinant portion of an antlb>ody molecule, after purification, is Immunochemically 
reactive witfi ICAM-1. 

The foltowing examples illustrate the present invention without, however, limiting the same thereto. 

40 EXAMPLE 1 

Virus Growth and Purification 

HRV-14 was obtained from the American Type Culture Collection (Rockville, MD), ATCC VR-284 and 
45 plaque purified by standard techniques [Yin et al.. (1973). J. ViroL. 12, pp.108-113]. Plaque purified HRV 
was propagated on HeLa R19 cells, a subclone of HeLa ceils derived by standand procedures [Colter et al.. 
(1983), Hybridoma. 2, pp. 91-96], Cells were routinely propagated in growth medium (GM): McCoy's 5A 
medium containing ~10% fetal calf semm, 30 mM MgCb and 20 units/mL penicillin and 20 ug/mL 
streptomycin. HeLa R19 monolayers were infected at a MOl of 1 and harvested when cells detached freely 
50 from the flask surface (usually 16-24 hours). The cell suspension was fi-ozen and quickly thawed to release 
virus partictes from the cells. After clarification by centrifugation at slow speed (4000 x g f or 5 minutes at 
4'C). polyethylene giycol-6000 (PEG-6000) and NaCI were added to concentrations of 7% and 2.2%. 
respectively, and the mixture stinred at 4'C for 4-16 hours. The precipitated virus was recovered by 
centrifugation (10.500 x g for 15 minutes at 4*C) and resuspended in 10 mM R-buffer (10 mM TRIS-HCI, 
55 pH 7.5. 1 mM EDTA [etiiylenediamine tetraacetic add]. 0.2 M NaCI, 50 mM MgCls and 10% glycerol). 
Sodium deoxycholate and polyoxyethylene (9) octaphenol. were added to concentrations of 0.3% and 0.6%. 
respectively, incutjated for 30 minutes on ice. and the suspension was darified by centrifugation {4000 x g 
for 5 minutes at 4* C). The supernatant (7.5 mL) was layered over a 5 mL linear density gradient of 40-60% 



8 



EP 0 459 577 A2 



IS 



20 



(w^) metrlzamlda in R-birffer laddng glycerol. Isopycnic bahding of the vjrus «^P'« ^« '^'J^'^y 
Sniifugation for 24 hours at 150,000 x g. Virus bands were generally the densest o the v,^te bands In 
me7adS and were harvested manually by bottom puncture. After dilution 3-lold In R-buffer. the virus 
was repelleted by centrifugatlon at 200,000 x g for 2 hours. 

B<AMPLE2 

Immunization of Mjce With HeLa R19 Cells 

Adult BALB/C mice were injected intraperitoneally (IP) with a 
were recovered from tissue culture monolayers by treatment with phosphate buff^ared saline (PBS) 
r^nTng 50 mM EDTA for 20 minutes at Z?' C. Each mouse receded 3 . 10« ^'^^PJJ'f « 
^lume of 0.5 mL of complete Freund's adjuvant After 38 days, mice were reincculated IP wrth 1 x 10 
HeU R18 cells in a volume of 0.5 mL of incomplete Freunds's adjuvant , ^ „„„ , . ,sae 

Three mice whose sera was positive for antibodies which protected cells against .HRV-1 4 Infe^on (See 
P«rnr,r 141 were primed on day 116. 4 days prior to the cell fusion, by imectlon of two OD^.o 
Sou^ srcolSS a? death' of the animals showed the presence of antibody capable of protecdng 

'"'Ti:::'Z^^tZs... BALB/C mice were immunized f -^^^ "^^^^^ 
inocLiaSons using cell membrane preparations on day 1 and day 42 'oltowed by « fl"J^'"J««2J 
Inflation of membranes plus incomplete Freund's adjuvant on day 214. T^ree days later the cell fus.on 
was carried out as described in Example 4. 

EXAMPLES 



25 



Prep aration of HeLa Cell t^embranes 

HeLa R19 cell monolayers v/ere treated with PBS containing 50 mM EDTA for 20 minutes 8t37*C 
Cells Sie co'^ bTlow speed centrifugation and washed with PBS three times Cells were pelleted and 
?susZS^ In 10 mM sodiuTphosphate buffer. pH 7.0 (8 x 10^ cells/mL) and placed «>" ice for 25 
Ti^rSls were then disrupted by 20 strokes in a Dounce homogenizer. and nuclei were removed by 
SS^oM^Sxg for 5 minutes at a'C). The supernatant was discarded and the -«-b«n«« ^e^ 
Xtei at 142.(100 x g for 1 hour at 4' C. The supernatant was discarded and the crude membrane pellet 
was dissolved in PBS at 42 OD2»o unlts/mL and stored at -70 C. 

B<AMPLE4 

P^^^^ ^ Hyhririnn^ bv Fusion Of immune Mouse Spleen Cells with Mous e Myeloma Ceils 

Mouse myeloma cells (SP 2J0) were grown from frozen seed stock ^, '"f f^^^fj JiJ,.";^ "[J^ 
medium contained 66 mL of Dulbecco's Modified Eagle's Medium: 20 mL feta^ caH ^f"^^ j^^S). lOmL^ 
NCTC 109 with Eagle's balanced salts (Qlbco): 2 mL of 200 mM L;fllutemlne: 1 mL o » f°''J'°^'!"; 
40^ mg hypoxantfJne and 114 mg thymidine in 300 mL of distilled H.O; and 1 <J OPI ^todcO^S 9 
cSxTlacetic add 0.5 g pyruvic add, 2000 units bovine insulin in 100 mL H^O): and 0.2 mL of a penlciinn 
« nW«) ug/ml) and streptomycin (10,000 ug/mL) mixture. The spleens from -"'[^ 

aamole 1) were removed after cervical dislocation and placed in semmless HT medium at room 
e^lre l^e spleens were placed in a plastic petri dish and the cells were teased from *e spleenw* 
a DlSHc aper "^.e plates were washed with 5 mL of serumless HT medium and the cells were pooled 
nSfl5 m Tastic coSicai tube; large partides were allowed to setUe for one '^-^fj^^f'^^ 
so *en transfened to a 15 mL plastic round bottom tube and the cells were pelleted by a 10 M 
SSriSon at 350 X g at room temperature. The supernatant was discarded the ceHs were resuspended 
sTrumless HT medium (10 ml^ spleens) and the total number of viable cells was determined by trypan 
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blue exclusion 



T^i number of viable SP 2A) myetoma cells was also detem^ined. and the cells were combined us ng 
ten-fold more spleen cells than myeloma cells (i.e. into a 50 cc screw cap plastic tube were P'a<=^ 2x J*^ 
Inlin cells and 2 x 10' SP 2/0 cells). The cells were pelleted by centrifugation for 10 minutes at 350 x g^ 
SHe ee l pellet was resuspended in 10 mL of semmless HT medium. This P^-^'J- J-J^;*^ 
See and after the final resuspenslon in 10 mL of serumless HT medium the cells were transfenred to a 15 
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mL round bottom tube. The cells were pelleted at 350 x g for 10 minutes. ..^ ^^^'n ^ 

Polyethylerw glycol (PEG/DMSO/HT molecular weight average = lOOOd) was M.fied at45 C and 
combS^d wim serumles. HT medium to a concentration of 35% PEG (volM,!). The PEG/HT rnedi^ 
mixture was sterilized by passage through a 0.22 micron membrane filter fitted ^ a 3 mL ^V^^^-^f^^ 
^ then maintained at 37'C. Dlmethylsulfoxide (DMSO) was added to the PEQ/merf.um mixture to a final 
To^clXS of 5%. The PEG/DMSO/HT medium mbcture was added dropwise to thespleerwnyeloma ceH 
using 0.8 mL for 2 x lO* cells, while gently resuspending the cells by tapp.ng the s^de of the ojfture 
STand Sirlinfl. The cells were centrifuged at 250 x g at room temperature so that the tot^ contect tme 
ot^L cells with PEG was 6 minutes. The supernatant was aspirated and the cells were fesuspended in 10 
of HT medium. The celte were pelleted (350 x g for 10 minutes) and gently resuspended m HT medium 
to a nnl concentration of 3.5 x 10* cells/mL The cells were then plated in 96 we" m.cr°l.ter P^^tes using 
0 1 mUwell. and incubated at 37* C in a water-jacketed incubator with 5% CO2 and 96% liumldlty. 

After 24 hours 0.1 ml of HAT medium (HT medium plus aminopterin at 0.352 mgfllter) was added to 
each well. The wells were refed with 0.1 mL of fresh HAT medium every 4 to 5 days. ^ ^ 
Some cells from culture wells which were at a confluency of 15% or greater (usually 40 to B0%) were 
tested fa production of antibodies to HRV-14. In other e)ff)eriments some cells fl/°f'-P*'tr« 
S were at a confluency of 15% or greater were tested for production of ant.bod.es whK:h block 
attachment of HRV-14 to cellular receptors In a cell protection assay described m Example 5. 

^^rcells having high activity by the above assays were subcloned by two j^^^^'^' ^^-^'^O^)^^ 
The purified mAb from these subclones were characterized as to immunoglobulin subtype and molecular 
weight by standard procedures. 
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B<AMPLE5 
25 Coll Protection Assays 

Protection assays utilized 48-well cluster plates of HeLa R-19 cells (155 x 10= cells/well). After removal 
Of mJSStTnolaTers were Incubated with 0.1 mL of fresh medium, or hybridoma ""'J^^ 
h«»^ at 34*C After incubation. 2 x 10* PFUs of HRV-14 in 50 iiL of media were added to the treated 
^^oSy« and mT c^rin^^baUd 16-24 hours at 34' C In a CO2 incubator. Wells were scored as posltWe 
U n^en^ o^c^pathlc effect was evident compared to controls, and three protective a^^^odjes v««^ 
Further ^ys were done to determine if these mAb would protect cells against lnte«ion wrth 
n^ Zo^af HRV Positive protection results were obtained with 90 different serotypes of HRV. a 
E aHs'STo. unS^- serotype' and coxsackie virus types A13. A18 and f J (See T J.^ O^/^l 0 »^ 
Je^types are known to share the same cellular receptor. Eleven serotypes <^ ;«h^ch sha« a diff^^ 
not blocked by the mAb. These mAb's also failed to protect cells against Sabin Type 1 polio 
vinjs and coxsackie vimses Types B2 and B3. 

EXAMPLE S 

P^^rifirafon Of Monoclonal Antibodies From Tissue Culture Media and Ascites R uld 

The mAb's were purified from tissue culture fluid taken from cultures of hybridoma cells producing ^ 
indmdual antibody. The following procedure was employed and is essentially that desaibed by Emm.. ^ 
IrTv^rol «-997-l005. 1982. One liter of tissue culture fluid from each particular hybndoma ceU 1^ was 
Feauentially tittered through a Whatmann 1MM filter paper, a glass wool containing wluinn and finally a 
SeohaJSsVeB column. iS. pH was adjusted to about 8.0 by the addition of 100 mM TRIS-HC . pH ao and 
fheJ. thUh a ProteWA Sepharose column (4 to 6 mL bed volume per 2 Iters of fluid). The c^lmnn 

with ?0 bed volumes of 10 mM TRIS-HCI. pH 8.0. Glycine (100 mM). pH 3^ was ttien added 
To eirlhe bound immunogtobulins from the column. Fractions were collected into tubes containing 1M 
mM TRIS-Ha. pH 8.0. to stabilize the antibody. Peak protein fractions from the column were pooled, 
dialyzed against distilled H,0 and used as whole antibody or were treated further to °bta.n J^^; 

To oWain Fab of the individual mAb. 10 to 15 mg of mAb purified using protein A coU^mns. ^ 
described above, was lyophiiized and then dissolved in 100 mM sodium phosphate^lO mM cyste-ne^H 
? 2 (2 mL/20 mg antibody). Papain. 10-15 units per mg. was added to a ratio of 1:100. on^yme to amibody 
bv weight This reaction was incubated overnight for 16 hours at 37 C and temiinated by the addition of 
SioaSlide to a final concentretion of 30 mM. The digested mAb was tfien ^'^J^^'^'^^^^'^'Z 
d^ (Sephadex G-75) column (2.5 x 20 cm) at 4 C and the fractions were monitored for 
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absorbance at 280 nm. The second Ajgo peak, which contains the majortty of Fab. was pooled and then 
passed through a protein A-sepharose column to eliminate any contaminating Fc fragments or undigested 
mAb. Peak fractions of Fab from the protein A column were pooled, dialyzed against distilled H2O, 
lyophilized in 200 ug aliquots, and stored at -80 C. 

5 

D(AMPLE7 

Determination of NH2-terminal Amino Acid Sequence of Antibodies 

10 The NHz-termini of the IA6, 2C2 and 18B9 H and L chains were sequenced to provide amino add data 
for the synthesis of oligonucleotide probes to be used in cDNA cloning of the respecth^ genes. Antibody H 
and L chains were separated by electrophoresis through an 8% SDS polyacrylamide gel under reducing 
conditions The protein was transferred onto polybrene-coated glass fiber filters according to the method of 
Vandekerckhove et al.. (1985). EurJ.Biochem.. 152. pp. 9-19, Strips containing each chain were cut out and 

76 the NH2-temilnal"sequence was determined by the method of Hewick et al.. 1981 using a gas-phase 
microseqenator (Applied Biosystems). , ^ « ^ 

The amino acid sequence of the H and L chains of mAb 1A6. 2C2, and 1BB9 are shown In Tables 3. 4. 

and 5. respectively. 
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Amino Acid Sequence Of mAb 1A6 H Chain Variable Region: 

NHj-Glu V»1 G7n Leu Gin Gin Str Gly Ala Glu L#u Val Lys Pro 61y Al» S«r 
Val Lys Leu Ser Cys Thr Ala Ser Gly Phe Asn He Lys Asp Thr Tyr He 
His Trp Met Lys Gin Arg Pro Glu Gin Gly Ltu Glu Trp He Gly Arg He 
Asp Pro Ala Asn Asp Asn Thr He Tyr Asp Pro Lys Val Gin Gly Lys Ala 
Thr Met Thr Ala Asp Thr Ser Ser Ans Thr Ala Tyr Leu Gin Leu Ser Ser 
Leu Thr Ser Glu Asp Thr Ala Val Tyr Tyr Cys Thr Thr Ser Gly Tyr Trp 
Phe Ala Tyr Trp Gly Gl« G^y Thr Leu Val Thr Val Ser Ala-C02H 

Amino Acid Sequence Of mAb 1A6 L Chain Variable Region: 



NH2-ASP He Val Leu Thr Gin Ser Pro Ala Thr Leu Ser Val Thr Pro Gly Asp 
Ser Val Ser Leu Ser Cys Arg Ala Ser Gin Ser He Ser Asn Asn Leu His 
45 Trp Tyr Gin Gin Lys Ser His Glu Ser Pro Arg Leu Leu He Lys His Ala 

Ser Gin Ser He Ser Gly He Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly 
Thr Asp Phe Thr Leu Ser He Asn Ser Val Glu Thr Glu Asp Phe Gly Met 
Phe Phe Cys Gin Gin Ser Asn Ser Trp Pro Tyr Thr Phe Gly Gly Gly Thr 
Lys Leu Glu He Lys Arg-COgH 
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Amino Acid Sequence Of mAb 2C2 H Chain Variable Region: 

NH^-Glu Val Gin Ltu Gin Gin Str Gly AU G1u Leu W Lys Pro Gly AU 
'0 Ser Val Lys Leu Ser Cy$ Thr Ala Ser Gly Phe Asn He Lys Asp Thr Tyr 

Hek His Trp Val Lys Gin Arg Pro Glu Gin Gly Leu Glu Trp lie Gly Arg 
lie Asp Pro Ala Asn lie Asn Thr Lys Tyr Asp Pro Lys Phe Gin Gly Lys 
,5 Ala Thr Leu Thr Ala Asp Thr Ser Ser Asn Thr Ala Tyr Leu Gin Leu Ser 

Ser Leu Thr Ser Glu Asp Thr Ala Val Tyr Tyr Cys Ser Arg Ser Asp Phe 
Gly Ser Ser Tyr Val Asp Ala Tyr Trp Gly Arg Gly Thr Leu Val Thr Val 
Ser Ala Ala Lys Thr Thr Pro Pro-C02H 

20 

Amino Acid Sequence Of mAb 2C2 L Chain Variable Region: 

29 NH^sp He Gin Leu Thr Gin Ser Pro Ala Ser Leu Ala Val Ser Leu Gly 
Gin Arg Ala Thr He Ser Cys Arg Ala Ser Gin Ser Val Ser Thr Ser Thr 
Phe Ser Tyr Mel His Trp Tyr Gin Gin Lys Pro Gly Gin Pro Pro Lys Leo 

30 Leu He Lys Phe Ala Ser Asn Leu Glu Ser Gly Val Pro Ala Arg Phe Ser 
Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Asn He His Pro Val Glu Glu 
Asp Asp Thr Ala Thr Tyr Tyr Cys Gin His Ser Trp Glu He Pro Phe Thr 
Phe Gly Ser Gly Thr Lys Leu Glu He Lys Arg Ala Asp Ala Ala Pro Thr 

35 

Val Ser He Phe Pro Pro Ser-C02" 

40 
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TABLE 5 

6 

Amino Acid Sequence Of mAb 18B9 H Chain Variable Region 

NH^-Glu Val Gin Leu Gin Gin Ser Gly Pro Glu Leu Val Lys Pro Gly Ala 

S«r Val Lys Het Ser Cys Lys Ala S«r Gly His Thr Pha Thr Sar Pht Val 

Ila His Trp Leu Lys Gin Lys Pro Gly Gin Gly Leu Glu Trp He Gly Tyr 

Val Asn Pro Tyr Val Asp Asp Ser Lys Tyr A»n Glu Lys Phe Lys Gly Lys 

75 Ala Thr Leu Thr Ser Asp Lys Ser Ser Ser Thr Ala Tyr Met Glu Leu Ser 

Ser Leu Thr Ser Glu Asp Ser Ala Val Tyr Tyr Cys Ala Ser Gly Asn Tyr 

Tyr Ala Phe Phe Asp Tyr Trp Gly Gin Gly Thr Thr Leu Thr Val Ser Ser 

Ala Lys Thr Thr Pro Pro-CO-H 
20 *■ 

Amino Acid Sequence Of mAb 18B9 L Chain Variable Region 

25 NHg-Asp He Gin Leu Thr Gin Ser Pro Ala Ser Leu Ala Val Ser Leu Gly 

Gin Arg Ala Thr He Ser Tyr Arg Ala Ser Lys Ser Val Ser Thr Ser Gly 

Tyr Ser Tyr Met His Trp Asn Gin Gin Lys Pro Gly Gin Pro Pro Arg Leu 

30 Leu lie Tyr Leu Val Ser Asn Leu Glu Ser Gly Val Pro Ala Arg Phe Ser 

Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Asn He His Pro Val Glu Glu 

Glu Asp Ala Ala Thr Tyr Tyr Cys Gin His He Arg Glu Pro Tyr Thr Phe 

Gly Gly Gly Thr Lys Leu Glu He Lys Arg Ala Asp Ala Ala Pro Thr Val 

35 

Ser He Phe Pro Pro Str-C02H 

40 
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10. Amino Acid Sequence Of Single Chain Fv 
From pSCVl: 

Asp He Val Leu Thr Gin Ser Pro AU Thr Uu Ser V*1 Thr Pro Gly Asp 
Ser Val Ser Leu Ser Cys Arg Ala Ser Gin Ser lie Ser A$n Asn Leu His 
Trp Tyr Gin Gin Ly$ Ser His Glu Ser Pro Arg Leu L«u Il« Lys His AU 
Ser Gin Ser He Ser Gly He Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly 
Thr Asp Phe Thr Leu Ser He Asn Ser Val 61 o Thr Glu Asp Phe Gly Met 
Phe Phe Cys Gin Gin Ser Asn Ser Trp Pro Tyr Thr Phe Gly Gly Gly Thr 
Lys Leo Glu He Lys Arg Ala Asp Ala AU Pro Thr Val Ser He Phe Pro 
Pro Ser Ser Glu Glu Glu Val Gin Leu Gin Gin Ser Gly Ala Glu Leu Val 
Lys Pro Gly AU Ser Val Lys Leu Ser Cys Thr AU Ser Gly Phe Asn He 
Lys Asp Thr Tyr He His Trp Met Lys Gin Arg Pro Glu Gin Gly L«u Glu 
Trp He Gly Arg He Asp Pro AU Asn Asp Asn Thr He Tyr Asp Pro Lys 
Val Gin Gly Lys AU Thr Met Thr AU Asp Thr Ser Ser Asn Thr AU Tyr 
Ltu Gin Leu Ser Ser Leu Thr Ser Glu Asp Thr AU Val Tyr Tyr Cys Thr 
Thr Ser Gly Tyr Trp Phe Ala Tyr Trp Gly Gin Gly Thr Leu Val Thr Val 
Ser AU. 



35 

EXAMPLE S 

Isolation and purification of hybrictoma mRNA 

40 Hybridoma cells (IA6, 2C2. and 18B9) growing in suspension culture were pelleted from the growth 
medium by centrifugation at 1.000 x g for 10 minutes at 4* C. The pelleted cells (10«) were swollen in 20 
mL hypotonic buffer (10 mM NaCI, 5 mM MgCI, 50 mM TRIS-HCi, pH 7.5. 5% sucrose. 0.5 mg/mL Heparin) 
for 30 minutes on ice. then 10 mL of 110 mM NaCI. 7.5 mM Mga2. 7.5% sucrose. 75 mM Tris-HCI. pH 7.5, 
0.5 mg/mL Heparin was added and the cells were broken in a dounce homogenizer. Cell debris and nuclei 

45 were pelleted at 1 .000 x g for 2 minutes at 4* C. The supematant was treated with 0.25% NaDoc and 0.50% 
NP-40. then mitochondria were pelleted at 4000 x g for 10 minutes. Polysomes were pelleted from the 
cleared supematant by centrifugation through a 2.5 mL sucrose cushion (1 M Sucrose. 50 mM NaCt. 5 mM 
MgCt2. 20 mM Tris-HCI, pH 7.5) at 200.000 x g for 60 minutes at 4* C. Polysomal pellets were resuspended 
in 10 mM TRIS-HCI. pH 7.5, 1 mM EDTA 0.3% lithium dodecyl sulfate, and then treated with 1 mg 

50 proteinase-K at 37' C for 1 0 minutes. 

RNA was heat denatured for 1 minute In a boiling water bath and quick-chilled on ice. NaCI was added 
to 0 5M and the mixture was chromatographed on a column containing 0.6g oIigo(dT)-ceIluk)se. (Type II. 
Collaborative Research) in lOmM TRIS-HCI, pH 7.5. ImM EDTA, 0.3% lithium dodecyl sulfate, 0.5M NaCI. 
Poly'*<A)* mRNA was eiuted from the column in hot distilled water (56 C). 

55 

EXAMPLE 9 

Preparation of cDNA libraries 
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Double-stranded cDNA was synthesbed from poly(A) RNA by the mettiod of Gubler. U- et aU19W) 
Gene 25 pp. 263^9, using Amersham's cDNA Synthesis Plus reagents. The syrrthes^s was pertom^ by 
first DriminS the RNA with oIIqokJT to obtain constarrt region cDNA. then wrth .ntemal ol.gonucleot.des 12 
S ?rSe m oomplementar/to the known constant region, or a comrr^-cial variable ^Q.on Pnmer (C- 
rai^maS ?haSand oHg2:,udeo«de 14. Table .1) to obtain the ^"^1"^^ 'JV'^V^^^^^ 
r^A was blunt-end llgated to EcoRI linkers (New England Blolabs) and then digested with EcoW. Excess 
n^a^^ v^reTm^Sd brchrom"^ on a Sephadex G-150 (Pharmacia) column. A phage l.brary was 
mSe bTTglg^ puS^^ <^0^^'^ '-"^a ZAP dephosphorylated arms (StraU^gene) and 

Sage^ i Stratagene Glgapack Plus extracts according to directions supplied by the "^^"^^ 
TproSe bacterid strain was Infected at 37' C for 10 rninutes with the phage library and then plated at 
35.000 PFU/150 mm Luria agar plate, and incubated at 37 C overnight 



EXAMPLE 10 



Cloning of Anti-ICAM-1 antibody cDNA clones from cDNA libraries 

~e CDNA libraries were screened by filter hybridization according to '"Z'^'^' F!^^^^ 
n ril RW M9774 Science 196 pp. 180-182. Multiple lifts of phage DNA onto nitrocellutose filters 
SelcheT JSu^-^W^^^ to ^P-labelled ollgonuc^tlde probes in 6X SSC^D^haj^J 
0 5% SdI. SmM NaPo*. and O^g/ml salmon spem. DNA. overnight at 10 C below the catoulated Tm of 

SeCSSsT^ oligonucieo«de probes were predicted from both fonf rved Df^^uenc^ 
in th^co^rTegions of gS.magk*ulin-1 H chains (oligonucieoUde J^^. TabJ.I)j^lamWa L ^ 
oliQonucleotlde 16. Table II), and using amino add sequences obtained from *»>f^ "i^TV* 
SS, FolX hybridization the filter were washed in 6X SSC. 0.5% SDS for 5 -n.""^ «J » J 'heofo^ 
?ominut^ at the hybridization temperature. Hybridization positive phage were plaque Pu^fied bydHutton 
^sc^eS Plasmlds were rescued from the phage and the E^ ^serts were cloned Into 
vS.r(p"Za Biotech) to yield plasmlds p1A6L (light chain) and plAlR (heavy chain). 

00 EXAMPLE 11 

Expression of Anti-ICAM-1 Antibody Light Chains in 
iSli ^ ' 
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Dio^miH niA6L was linearized with Seal, phenol^xtracted. ethanol-precipitated. and amplified by 
po/r^e cCLTon7p?R)ling the-erkS^-Elmer/Cetus GeneAmp 0N>^^^ 
Snd following the manufacturer's recommended procedures. Priming was j"* fT^^^^^ 

SgonudeotlL 1 and 2 (Table 2. Example 13). 25 cycles of ^^'^^'^ ^L^^'t ^inJ^6 
Elmer DNA Thermal Cycler, each cycle consisting of incubations at 94 C. 1 minute. 37 C. 2 minutes, ana 
7?C ?lu^BS. in e^h cycle, the 72' incubation was extended ^^xclsed 
The PCR-amplifled DNA fragment was separated on a 0.7% SeaPlaque Agarose <FMC) gel exdsed 
oitln at S- £^d Durified on a NACS Prepac Column (BRL) following the procedures suppted by the 

^^^Tt BS-cT^eviously described in Example 10. Rlters were washed four times for 3 m.nutes each. 
6X SSC (0 9^ NaCl 0.09M Na Citrate) at 55' C. air dried, and autoradiographed. By DNA sequencng 
St!cUon endonuclekse mapping of plasmid DNA. the desired plas.id Jn.ctu^ - - 
The plasmid. designated pK1 (Rgure 111), was isolated ° ^JiS^^^^^^'c^'u^ 

TpSa sC ^:rzz zx^ i^l^ - - B^cto- 
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Tryptone. 5.5g NaO, 4g glucose. 6g NazHPO*. 3g KHsPO*. 1Q NH*CI. 120 mg MgSO*. and 15 mg 
CaCl2.2R20. Growth and IPTG-induction of the recombinant protein were as described previously, and 
expression was confirmed by SDS-PAGE. 

5 EXAMPt-E 12 

Expression of Anti-ICAM-1 Antibody Fd Fragments in L 
CgU — 



Plasmid p1A6H was linearized by Seal digestion and the H chain coding region was PGR amplified as 
described in Example 11. except that synthetic oligonucleotides 11 and 4 (Table 2. Example 13) were used 
as primers. The product was gel-purified, digested with Ndel and Bglll. and cloned Into pET-3a as 
described in Example 11. Recombinant colonies were identified by colony hybridization against 32p-labelled 
oligonucleotide 5 (Table 2. Example 13) at 60 'C as described in Example 10. The resulting pET-3a/Fd 
recombinant pGl (Rgure IV). was transferred into E. coli strain BL21 (DE3) cells and expression was tested 
as described in Example 1 1 . 

EXAMPLE 13 

Ex pression of Sin gle Chain Fv in E, COli 



Plasmid pKI was linearized with and PCR-ampllfied using oligonucleotides 1 and 6 (Table 2. 
Example 13) as primers. The product (Fragment 1) was digested with Ndel and >a>ol and purified on a 1% 
SeaPlaque preparative agarose gel. 

Plasmid pGI was linearized with Seal and PCR-ampllfied using oligonucleotides 7 and 10, 8 and 10. or 
9 and 10 (Table 2. Example 13) as primers, and the products (fragments 2A. 2B. or 2C. respectively) were 
digested with Xhol and Bglll . then purified on 1% SeaPlaque agarose gels. 

The differentsingle-chain Fv were generated by ligating equimolar mixtures of purified fragments 1 and 
2A. 1 and 2B. or 1 and 20. with an equimolar amount of plasmid pET-3a. previously digested with Ndel and 
BamHI. Recombinant plasmids were screened, transferred to E. coli BL21 (DE3) cells, and expression of 
the recombinant protein was determined as described in Example 11. 
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?;vnthetic 0 1 i godeojcvnucleotide Seque nces 

1 . d ( CGCATATGGATATTGTGCTAACTCAG ) 

2 . d (GCAGATCTTGGTGGTGGCGTCCTCAGGACCTTT) 

3 . d ( GATATTGTGCTAACTCAGTCTC ) 

4 . d ( CCGGAGATCTGATCATTAACCACAATCCCTGGGCAC ) 

5 . d ( AGCGGTGTGCACACCTTCCC ) 

6 . d ( CTCACTGCAGGGTGGGAAGATGGATACAG) 

7 . d (CCACCCTCGAGTGAGGAAGAAGTTCAGCTGCAGCAGTCCGGAGCAG) 

8 , d ( CCACCCTCGAGTGGTGGCGGTGGCTCTGAAGTTCAGCTGCAGCAGTCC 

GGAGCAG) 

9 . d ( CCACCCTCGAGTGGTGGCGGTGGCTCTGGCGGTGGCGGTTCCGAAGTT 
C AGCTGCAGCAGTCCGGAGC AG ) 

10 . d ( CCGGAGATCTGATCATTATGCAGAGACAGTGACC ) 

11. d ( CGCATATGGAGGTTCAGCTGCAGCAGTCTGGG ) 

12. d ( CCTTAGGAGTCAGAGTAATGGTGAGC ) 

13. d(ATCCCAGGGTCACCATGGAGTTAG) 

14. d(GGCCAGTGGATAGAC) 

15 . d (GGGAAATAGCCCTTGACCAGGCATCC ) 

16. d ( GGTGGGAAGATGGATAC AGTTGGTGC ) 

17. d ( GATATTGTGCTAACTC AGTCTGC ) 

18 . d (CCCAGGCTTCACAAGCTCAGCCCC) 



EXAMPLE 14 

Purification and Renaturation of Recombinant Anti-ICAM-I Antibody Fragments 

TTie cell peilet obtained from a 500 mL culture was resuspended in 15-20 mL of cell buffer at 4 C 
(0.05M Tris-HGI. 0.02M NaCI. 0.001 M EDTA disodium salt, pH 8.1) containing 2uM TAME. 2uM pepstatin 
and imM PMSF. The cell suspension was passaged three times through a Stansted High Pressure 
Homogenizer. The pooled homogenate was centrifuged at 12.000 x g for 45 minutes at 4* C. The pellet was 
resuspended in cell buffer at approximately 100 mg of wet pellet weight per mL of buffer. Samples of the 
supernatant and pellet were analyzed by SDS-PAGE (12.5%). The antibody fragments were identified in the 
pellet fraction of the homogenate. 

The pellet suspension <500 ul) was centrifuged for 5 minutes at 10.000 x g. The resulting pellet was 
resuspended in 300 ul of 5M guanidine-HCI. 0.1 M TRIS-HC1. 0.001 M EDTA. 0.02M NaCl. pH 8.2. and 
incubated at room temperature for 15 minutes with occasional vortexing. followed by centrifugation for 5 
minutes at 10.000 x g. The protein concentration of the supernatant was determined by the Bradford 
procedure using IgG as the standard protein. 

Proteins were suspended at 5 mg/mL in buffer I consisting of 6 M guanidine-HCI, 0.1 M TRIS, 0.02 M 
NaC!. 0.001 M EDTA, pH 8.3. N2 was carefully flushed through the solution for 5 minutes, and then ^- 
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25 



mercaptoethanol (Sigma) was added to 0.1 M. and heated at 40* C for 45 minutes. A second aliquot of fi- 
Te^Stoethanoi was then added to a final concentration of 0.2 M. and the sample was heated tor an 
additional 45 minutes under N2 atmosphere. . . .1 

For recombinant Fab. the L and H chain pellets were resuspended in buffer I and equn/alent arnounted 
both proteins were mixed. The protein samples were reduced by adding p-mercaptoethanol as descnbed 
for single chain reduction. ^ ^ «# 

Reoxidation and renaturalion were achieved by diluting the reduced ^^"^^^^ ^^^^l 
20lig/mL in buffer consisting of 1 M guaridine-HCl. 0.02 M TRIS-HCI. 0^02 M NaO ° 0001 M EDTA 
(disodlum salt). pH 8.1. Reduced and oxidized glutathione were added at a final concentration ofariM arid 
0 2mM. respectively. arxJ the protein solution was incubated at 4 C for 16-20 hours In Spectr»i»r-2 
dialysis membrane, with a molecular weight cutoff range of 12.000-14.000. ^^^^ "^^•^^'^""jriir^Iter^ 
room temperature in distilled water for 30 minutes and washed thoroughly with deion.zed water before 

nrreSgel^rc^^ out by di.ysing ag.nst a 200.fo« excess of PBS diluted 1:3 wij 
deionized water. Two buffer changes were made every 4-5 hours followed by two buffer changes every 10- 

*?!!rdialyzed samples were concentrated to a volume of 1-2 mL Concentrated samples were tt»n 
centrifuged ^ 5 minutes at 10.000 x g and the supernatant was separated f,«n the peltet ^-^^ 
containing renatured proteins was subjected to sizing column high performanw Hquid f ^^^'^A^^V 
Kosil TSK-125 and a Biosil TSK-250 (Biorad) linked in series for optimal protein 
run using PBS sterilized by passage through a 0.22 micron filter. Peaks containing the antibo^ fragments 
were concentrated and analyzed by SDS-PAGE (12-5%) under reducing and norweducng condibons. 

D<AMPLE15 

Qenerafion of ICAM-1 fragnrwnts. 

The S'-terminal noncoding region and the entire coding region of the ICAM-1 cDNA ^^' ^^^ 
rromassinl. J.E et al.. (1988) P.NAS. (USA) 86. pp.4907-111 was excised by digeston wrth restnrtion 
^J^Z hLm and Hindlll. V,e ICAM-1 codifTg region was Hgated |nta «^ t^s^^^ 
PGEM4Z, ISm was p-Fi^usly digested with EcoRI and Hlndlll. to fom, pGEM-ICAM. A full-tength RNA 
cS)y of CAM-1 was then generated by digestio-?rd-pGEM:iCAM with Hindlll and subsequent transcnphon. 
in vitro according to the procedure of the manufacturer (Promega Biotec). Similarly, successive cartwxy- 
SrsSl tr^tions of ICAM-1 were generated by digesting pGEM-ICAM with Ball. Narl. Mael. and ^. 

" "Tar^rrct^ wSS.S-cS^^ and precipitated w«h ethano, in the presence of 2.75 

^tn^a'^encoding the domain 1 fragment of IOAM-1 was -»!!l?V PO'yrr^-^^^^ 
amplification. DNA was primed at the 5' end by an oligonucleotide (^--ACGCCAQQGTTTC^CCAQTCACGA^ 
« ?y homologous to the sense strand and located upstream of the SPB promoter. DNA was also pnmed at the 

3' end with an antisense oligonucleotide 

(B'-CATCATCATCATQTACACGQTQAGQAAQQTTTTAQC-a') 

homologous to ICAM-1 cDNA and containing 12 additional bases encoding four Met resulues. The 
pSi;Se chain reaction was perfom,ed according to the directions supplied by the manufacturer with a 
45 DNA Themnal Cycler (Cetus-PerWn-Bmer). 

EXAMPLE 16 

Translation of ICAM-1 RNAs 

" Precipitated RNA was suspended in water at 1 mg/mL and stored at -20* C until it w» used in 
translation reactions. Translation reaction mixtures in a 0.1 mL final ^olu-ne. confined 0.02 mM o^ e«:h 
essential amino acid except methionine. 0.05 mg of calf liver tRNA per mL, 800 U ^'^^^^^l^^J. 
Z of 3^S-methlonine per mL (Amersham Corp.). 2 ug of each protease '"^^'^'^^^P^P^f " 

55 teupeptin) per mL. 16 U of canine pancreatic microsomal membranes per mL at an optical density of 280 
m pCnt. NEN Research Products). 0.6 mL of rabbit reticulocyte ly^te ^ mL 
mM oxiSized glutathione (added just prior to the addition of mRNA). and 5 ug °» JV^''°'^r^ 
carried out at 30" C for 30 to 60 minutes, stopped by the addition of ribonuclease A to 0.1 mg/mU and then 
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incubated an additional 10 minutes at 30* C. Radiolabeled protein was analyzed by autoradiography of 
translated products following SDS-PAGE 

EXAMPLE 17 

s 

Immunoprecipitation of translation products 

Following translation, tiie reaction mixtures were cooled on ice. phenylmethylsulfonyl fluoride was 
added to 2 mM, and membrane vesicles were disrupted by adding Nonidet P-40 to 0.5%. 20 uL of a 50% 
70 slurry of protein A-agarose (Boehringer Mannheim Biochemicals) was added, and the mixture was rotated at 
4'C for 10 minutes. TTie mixtures were pelleted at 10.000 x g f or 2 minutes, and samples of the 
supernatants were transferred to tubes containing 0.5 ug of the mAb and were brought to a final volume of 

0. 1 mL with TRIS-buffered saline containing 0^5% Nonidet P-40. Following Immunoprecipjtation ovemight 
at 4* C, 20 uL of protein A-agarose was added and this material was mixed for 30 min at 4* C. The agarose 

75 beads were gently pelleted and then washed twice with TRIS-buffered PBS containing 0.5% Nonidet P-40. 
and once with TRIS-buffered PBS alone. Pelleted agarose beads were suspended In 2x Laemmll protein gel 
loading buffer [Uemmll. U.K.. (1970). Nature, 227. pp. 680-5] and were incubated at 100* C for 3 minutes. 
Eluted proteins were then analyzed by SDS-PA"5E and autoradiography. 

20 Claims 

1. A peptide selected form the group consisting of: 

(A) 

26 Glu V«1 Gin L*u Gin Gin Str Gly Ala Glo L«u Val Lys Pro Gly Ala Ur 

Val Ly$ Ltu Str Cys Thr Ala Str Gly Pht Asn lit Ly$ Asp Thr Tyr lie 
His Trp Mtt Lys Gin Arg Pro Glu Gin Gly Ltu Glu Trp lit Gly Ary lit 

30 Asp Pro Alt Asn Asp Asn Thr lit Tyr Asp Pro Lys V»l Gin Gly Lys Ala 

Thr Htt Thr Ala Asp Thr Str Str Asn Thr Alt Tyr Leu Gin Ltu Str S«r 
Ltu Thr Str Glu Asp Thr Alt Val Tyr Tyr Cys Thr Thr Str Gly Tyr Trp 
Pht Ala Tyr Trp Gly Gin Gly Thr Ltu Val Thr Val S«r Ala; 

35 



40 


Asp lit 


Val 


Ltu 


Thr 


Gin Str 




Str Val 


Str 


Ltu 


Ser 


Cys Arg 




Trp Tyr 


Gin 


Gin 


Lys 


Str His 


46 


Str Gin 


Ser 


lit 


Str 


Gly lie 




Thr Asp 


Pht 


Thr 


Ltu 


Ser He 




Phe Pht 


Cys 


Gin 


Gin 


Str Asn 




Lys Ltu 


Glu 


lit 


Lys 


Arg; 



50 



Pro Ala Thr Ltu Ser Val Thr Pro Gly Asp 
Ala Str Gin Ser lit Str Asn Asn Ltu His 
Glu Ser Pro Arg Leu Leu lit Lys His Ala 
Pro Ser Arg Pht Ser Gly Str Gly Str Gly 
Asn Ser Val Glu Thr Glu Asp Phe Gly Met 
Ser Trp Pro Tyr Thr Phe Gly Gly Gly Thr 



55 
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(C) 

61 u Val Gin Leu Gin Gin Str Gly Ala Glu Leu Val Lys Pro Gly Ala Ser Val 
Lys Leu Ser Cys Thr Ala Ser Gly Phe Asn lit Lys A$p Thr Tyr Met His Trp 
Val Lys Gin Arg Pro Glu Gin Gly Leu Glu Trp He Gly Arg He Asp Pro Ala 
Asn He Asn Thr Lys Tyr Asp Pro Lys Phe Gin Gly Lys Ala Thr Leu Thr Ala 
Asp Thr Ser Ser Asn Thr Ala Tyr Leu Gin Leu Ser Ser Leu Thr Ser Glu Asp 
Thr Ala Val Tyr Tyr Cys Ser Arg Ser Asp Phe Gly Ser Ser Tyr Val Asp Ala 
Tyr Trp Gly Arg Gly Thr Leu Val Thr Val Ser Alt Ala Lys Thr Thr Pro Pro; 

(D) 

Asp He Gin Leu Thr Gin Ser Pro Ala Ser Leu Ala Val Ser Leu Gly Sin Arg 
Ala Thr He Ser Cys Arg Ala Ser Gin Ser VaT Ser Thr Ser Thr Phe Ser Tyr 
Met His Trp Tyr Gin Gin Lys Pro Gly Gin Pro Pro Lys Leu Leu lU Lys Phe 
Ala Ser Asn Leu Glu Ser Gly Val Pro Ala Arg Phe Ser Gly Ser Gly Ser Gly 
Thr Asp Phe Thr Leu Asn He H\s Pro Val Glu Glu Asp Asp Thr Ala Thr Tyr 
Tyr Cys Gin His Ser Trp Glu He Pro Phe Thr Phe Gly Ser Gly Thr Lys Leu 
Glu He Lys Arg Ala Asp Ala Ala Pro Thr Val Ser He Phe Pro Pro Ser; 

(E) 

Glu Val Gin Leu Gin Gin Ser Gly Pro Glu Leo Val Lys Pro Gly Ala Ser Val 
Lys Met Ser Cys Lys Ala Ser Gly His Thr Phe Thr Ser Phe Val He His Trp 
Leu Lys Gin Lys Pro Gly Gin Gly Leu Glu Trp He Gly Tyr Val Asn Pro Tyr 
Val Asp Asp Ser Lys Tyr Asn Glu Lys Phe Lys Gly Lys Ala Thr Leu Thr Ser 
Asp Lys Ser Ser Ser Thr Ala Tyr Met Glu Leu Ser Ser Leu Thr Ser Glu Asp 
Ser Ala Val Tyr Tyr Cys Ala Ser Gly Asn Tyr Tyr Ala Phe Phe Asp Tyr Trp 
Gly Gin Gly Thr Thr Leu Thr Val Ser Ser Ala Lys Thr Thr Pro Pro; and 



(F) 

Asp He Gin Leu Thr Gin Ser Pro Ala 
Ala Thr He Ser Tyr Arg Ala Ser Lys 
Met His Trp Asn Gin Gin Lys Pro Gly 
Val Ser Asn Leu Glu Ser Gly Val Pro 
Thr Asp Phe Thr Leu Asn He His Pro 
Tyr Cys Gin His He Arg Glu Pro Tyr 
He Lys Arg Ala Asp Ala Ala Pro Thr 



Ser Leu Ala Val Ser Leu Gly Gin Arg 
Ser Val Ser Thr Ser Gly Tyr Ser Tyr 
Gin Pro Pro Arg Leu Ueu He Tyr Leu 
Ala Arg Phe Ser Gly Ser Gly Ser Gly 
Val Glu Glu Glu Asp Ala Ala Thr Tyr 
Thr Phe Gly Gly Gly Thr Lys Leu Glu 
Val Ser He Phe Pro Pro Ser. 
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2, A composition of peptides consisting essentially of peptide (A) and peptide (B) of Claim 1 . 

3, A composition of peptides consisting essentially of peptide (C) and peptide (D) of Claim 1 . 
5 4. A composition of peptides consisting essentially of peptide (E) and peptide (F) of Claim 1 - 

5. A peptide which has the amino acid sequence: 

'° Asp lie Val Leu Thr Gin Ser Pro Ala Thr Leu Ser Val Thr Pro Gly Asp 

Ser Val Ser Leu Ser Cys Arg Ala Ser Gin Ser lie Ser Asn Asn Leu His 
Trp Tyr Gin Gin Lys Ser His Glu Ser Pro Arg Leu Leu He Lys His Ala 

,5 Ser Gin Ser He Ser Gly He Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly 

Thr Asp Phe Thr Leu Ser He Asn Ser Val Glu Thr Glu Asp Phe Gly Met 
Phe Phe Cys Gin Gin Ser Asn Ser Trp Pro Tyr Thr Phe Gly Gly Gly Thr 
Lys Leu Glu He Lys Arg Ala Asp Ala Ala Pro Thr Val Ser He Phe Pro 

20 

Pro Ser Ser Glu Glu Glu Val Gin Leu Gin Gin Ser Gly Ala Glu Leu Val 
Lys Pro Gly Ala Ser Val Lys Leu Ser Cys Thr Ala Ser Gly Phe Asn He 
Lys Asp Thr Tyr He His Trp Het Lys Gin Arg Pro Glu Gin Gly Leu Glu 

25 Trp He Gly Arg He Asp Pro Ala Asn Asp Asn Thr He Tyr Asp Pro Lys 

Val Gin Gly Lys Ala Thr Met Thr Ala Asp Thr Ser Ser Ans Thr Ala Tyr 
Leu Gin Leu Ser Ser Leu Thr Ser Glu Asp Thr Ala Val Tyr Tyr Cys Thr 

30 Thr Ser Gly Tyr Trp Phe Ala Tyr Trp Gly Gin Gly Thr Leu Val Thr Val 

Ser Ala. 

35 6, A peptide according to Claim 5 which corresponds to the Fv portion of an immunoglobulin molecule. 

7. A peptide or composition of peptides which corresponds to the Fab or Fv portion of an immunoglobulin 
molecule which is specific for tiie cellular receptor of a respiratory virus. 

40 8. The peptide or composition of peptides according to Claim 7, which is specific for the cellular receptor 
of a rhinovirus. 

9. A peptide or composition of peptides according to Claim 8, which is capable of blocking the attachment 
of serotypes of the majority of rhinoviruses to a susceptible cell, 

^ 10. A peptide or composition of peptides according to Claim 8, which is capable of displacing rhinovirus 
virions when tiiose virions are bound to a susceptible cell. 

11. A pharmaceutical composition comprising a peptide or peptides according to Claim 7 for the prevention 
60 and treatment of rhinovirus infection. 

12. A formulation for intranasal instillation of a peptide or peptides according to Claim 7 for the prevention 
and treatment of rhinovirus infection. 

65 ia A peptide or composition of peptides which corresponds to the Fab or Fv portion of an immunoglobulin 
molecule which can bind to the intercellular adhesion moiecule-1, ICAM-1. 

14. A peptide according to Claim 13 which prevents a ligand from binding to ICAM-1. 
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15. A peptide according to Claim 14 which binds to domain 1 of ICAM-1. 

16, A pharmaceutical composition containing a peptide or peptides according to Claim 14. 

5 17. A peptide or composition of peptides according to Claim 14 which can bind to and inactivate the 
intercellular adhesion molecule-1. 

ia A pharmaceutical composition containing a peptide or peptides according to Claim 17. 

10 

I 
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p61: HEAVY CHAIN Fd FRAGMENT 

Bell /BamHl 
! 4603 5251 5266 j 

CaUtGGAGGTTCAG. . . .AG6GATTGTGGTTAATGATCC 
METGluValGln. . . .ArgAspCysGly 

HI H236 

FIG.niB 
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pKI: LIGHT CHAIN 
Ndel 

1 4603 5236 
CAi-ilGGATATTCTG. . . .AGGAATGAGTGTTAGAGACAAAGGTCCTGAGACGCCACCAA. 
METAspI leVal . . . .ArgAsnGluCys, 

ill 1214 

Bgin/BamHI 
52791 

I t 
1 I 



..CCAAGATCC 



FIG.EB 
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3000 



pSCVl: SINGLE-CHAIN Fv 

Ndel VlAh 
14603 4954 Xhol 4975 5317 

' ' ' II ' 

CATATGGATATTGTG. .ATCTTCCCACCCTCGAGTGAGGAAGAAGTTCAGCTG. .GTC. . 
HETAspl leVal . . I lePheProProSerSerGluGluGluValGlnLeu. .Val . . 
1 I.I 
Ll ! HI Hill 

L124 

BglU /BanHI 

5334 1 

1 1 

..TCTGCATAATGATCA6ATCC 
SerAlQ 

I 
I 

HI 13 

FIG.I 
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the attachment of human rhinovims (HRV) particles 
to their cellular receptor, ICAM-1. Fab and Fv cDNA 
were molecularly cloned and expressed in a recom- 
binant host, purified, and shown to be biologically 
active in that they bind to ICAM-1. and block attach- 
ment of ligands to ICAM-1 , including HRV. 
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